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Forward Error CorrectionForward Error Correction
System & Algorithm Level
Architecture Level
Circuit Level
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Hamming Code
BCH Code
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Hamming CodeHamming Code
The well-known (2n-1, 2n-n-1) code with Hamming 
distance of 3 is capable of correcting 1 error
Error syndrome gives the error location

Easy to decode, but only correct one error
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BCH CodesBCH Codes
The cyclic code of length n over GF(q), n co-prime 
with q, whose generator polynomial is g(x).
Binary BCH code: a BCH code on GF(2), i.e., q=2
Binary BCH codes are most popular
BCH codes usually correct few bits in a block

1-error correcting or Hamming
2-error correcting
3-error correcting

Encoding and decoding procedures are similar to 
those of RS code, except there is no need to 
compute error magnitude for binary BCH code
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ReedReed--Solomon CodeSolomon Code
RS(n,k) consists of all polynomials of degree at most 
n that are multiples of the generator polynomial 
g(x)=(x-1)(x-α1)…(x-α2t-1), where α is a primitive 
element of GF(2m)

Minimum distance between codewords is d=n-k=2t+1, 
thus RS(n,k) can correct t symbols
2t erasures can be corrected (an erasure is an error 
with known position)
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Performance AnalysisPerformance Analysis



ACCESS IC LAB

Graduate Institute of Electronics Engineering, NTU

Architecture LevelArchitecture Level

10Gbps => 3.125Gbps for LX4
3.125Gbps/8 => 390MBps
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RS EncoderRS Encoder
)(mod)()()()()( 222 xgxvxxvxxpxvxxc ttt +=+=

RS is a cyclic code and often implemented as a 
LFSR with GF(2m) operators

Polynomial Divider
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Parallel Encoding ArchitectureParallel Encoding Architecture
Polynomial Divider 1

m1(x)

c1(x)

Polynomial Divider 2
m2(x)

c2(x)

Polynomial Divider L
mL(x)

cL(x)
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RS DecoderRS Decoder

Syndrome
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Key Equation
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Parallel Decoding ArchitectureParallel Decoding Architecture
Syndrome
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10Gbps => 3.125Gbps for LX4
3.125Gbps/8 => 390MHz => 2.5ns
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Optical Communication SystemOptical Communication System
Forward Error Correcting

Data rate: ~10Gbps
Operation frequency: 625MHz
Clock period: 1.6ns

Reed-Solomon Codec: RS(255,239)
Finite Field Arithmetic
Fixed constant coefficients
Parallel and Pipeline techniques
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Finite Field ArithmeticFinite Field Arithmetic

GF(2m)={0,1,α, α2, ... , α2^m-2}
α is the root of a primitive polynomial p(x)
If m=8 and p(x)=1+x2+x3+x4+x8

then α can be represented as (in vector form)
α = (0100_0000), α2 = (0010_0000), …, α8 = (1011_1000), ...

Three operations: 
Finite Field Adder (FFA)
Finite Field Multiplier (FFM)
Finite Field Inversion (FFI)
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Finite Field AdderFinite Field Adder
Let A,B are two arbitrary symbols (in polynomial form)
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Finite Field MultiplierFinite Field Multiplier
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Finite Field MultiplierFinite Field Multiplier
If m=8 and p(x)=1+x2+x3+x4+x8, then

When A is a constant, it requires less silicon area
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Finite Field InversionFinite Field Inversion
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Finite Field Arithmetic GF(2Finite Field Arithmetic GF(288))
Finite Field Addition (FFA)

24 gates // 8 cells
0.37 ns

Finite Field Multiplication (FFM)
287 gates // 158 cells
4.11 ns

Finite Field Inversion (FFI)
661 gates // 537 cells
4.84 ns
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Array FFM ImplementationArray FFM Implementation
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Pipeline FFMPipeline FFM
Search similar term

X17, X27, X37, X57, X06, X46,
X12, X23, X34, X45, X56, X13.

Pipeline1
First Stage: 3TXOR (12XOR+15XOR)
Finial Stage: 1TAND + 3TXOR (64AND+56XOR)

Pipeline2
First Stage: 3TXOR + 1TAND (12XOR+15XOR+64AND)
Finial Stage: 3TXOR (56XOR)
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A pipelined fully-parallel multiplier 
over GF(28)
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ConclusionsConclusions
FEC greatly improve BER for given SNR
FEC Design Issues

RS(255,239)+RS(255,239)/BCH(4359,4320)
High speed VLSI architecture
Low cost
Low power
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